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16.1.3 Blood pressure .monitoring 
R. M Gardner . 
Key messages 
• Direct vascular pressure measurements can be safe, 
accurate, and reliable. 
• Understanding the interaction of 'plumbing' and moni-
toring equipment is required if accurate pressure 
measurements are to be made. 
• Zeroing the monitoring system is one of the most impor-
. tant steps t_aken in pressure monitoring. 
• Sip1ple p,lumbing set-ups, with short lengths of tubing 
and few stopcocks, provide the most optimal dynamic 
response and recording mechanism. 
Fast-flush testing to validate adequate dynamic response is 
essential for deriving accurate systolic and diastolic 
pressures. 
Introduction 
Invasive blood pressure monitoring incorporates mechanical and 
electronic technologies that were formerly only used in the heart 
catheterization laboratory. With the introduction of disposable 
devices and modern computerized bedside monitors, clinicians can 
now conveniently obtain accurate and timely arterial and pulmonary 
artery pressures. To obtain and maintain the most accurate pressure 
waveforms and measurements, and to minimize risks to patients, 
clinicians must understand the principles of operation of these moni-
toring systems. The two principal purposes for inserting an arterial or 
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pulmonary artery catheter are to measure intravascular pressures and 
to withdraw blood samples for blood gas or other biochemical 
analysis. 
Continuous and accurate assessment of blood pressures can only 
be made by inserting vascular catheters. Having pressures displayed 
continuously permits timely detection of dangerous hemodynamic 
events and permits display of information to initiate or titrate 
patient therapy. However, invasive pressure monitoring provides 
accurate information only when correct equipment and techniques 
are used. 
Equipment 
The equipment used to measure blood pressures comprises two 
components (Fig. 1). 
I. The plumbing system consists of a fluid-filled catheter, stop-
cocks, pressure tubing, a continuous-flush device with its 
pressurized fluid source, and a transducer. 
2. The monitoring system consists of the following electronic and 
display components: the excitation voltage source for the trans-
ducer, a zero control, an oscilloscope display, and a processor to 
derive measures for the digital display (systolic, diastolic, mean 
pressures, and heart rate). 
Plumbing system 
The components comprising the plumbing system must always be 
kept sterile because the fluid contained within them comes into 
direct contact with the patient's blood. Most of these components 
are rather inexpensive and thus are single-use devices. 
Catheter 
Arterial catheters should be as small in diameter as is practical. The 
smaller the diameter, the less is the risk of obstruction of the artery. 
However, the wall must be thick enough to prevent kinking and 
obstruction of the catheter. The length of the catheter insertion 
should be sufficient to prevent spontaneous ejection from the artery. 
The diameter and length of the pulmonary artery catheter are set by 
the number oflumens required and the length of catheter required to 
reach the pulmonary artery. The diameter of each lumen is small and, 
coupled with the long length of the catheter, results in a large 




A stopcock is usually located near the catheter connection and. 
as a site for blood withdrawal for blood gas or similar analyses~­
filling the plumbing system great care should be taken to ens · 
all the central cavities of all stopcocks are filled with fluid. Air ~rt 
can lead to embolism if they are 'flushed' into the patient and u 
diminish the fidelity of the pressure recording. In addition st car 
l bl ·c. . .. H ,op, are a vu nera e site •Or patient contammauon. ands shou: 
washed before stopcocks are touched, open stopcock ports s~ 
never be touched, and ports not in active use should be co, 
Each connection in the plumbing system, particularly those invo 
stopcocks, can be problematic. The connections present a 
discontinuity in the fluid pathway and become sites for entrap 
of air bubbles. Unfilled central cavities of stopcocks are a free 
source of air bubbles that distort dynamic response. 
Pressure tubing 
The catheter and stopcock are normally connected to the pre 
transducer with pressure tubing. Since the fluid-filled col 
between the catheter tip and the transducer must faithfully trar 
the patient's pressure waveform, the tubing should be short (typ1 
less than 50 em) and non-elastic (soft venous tubing should n• 
used). Long lengths of tubing add resistance to the pressure wave 
as it is transmitted from the catheter tip to the pressure transd 
Such resistance distorts the transmission of the pressure wave! 
With elastic tubing, the pressure signal is distorted, 'pulsating 
pressure tubing, and therefore the signal detected by the ext• 
pressure transducer is distorted. 
Continuous-flush device and pressurized 
fluid source 
The continuous-flush device with its attached pressurized 
source is used to fill the plumbing system. The device contains a 
controlled 'leak' so that it infuses from 1 to 3 mllh of fluid througl 
plumbing system and helps prevent clot formation at the cathete 
The fluid source is usually an intravenous bag of normal saline 1 
surized in a cuff to 300 mmHg. The bag of saline should have th 
expelled before connecting it to the plumbing system to preven 
embolism as it empties. A microdrip chamber should be attach< 
the fluid-filled source so that the flow rate can occasionall: 
monitored to ensure that the bag is pressurized and to detect wh 





Fig. 1 The plumbing and monitoring systems used for pressure monitoring. The zeroing methodology for a pressure-monitoring system is also shoWfl 
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thoroughly, and to ensure that the tiny ' leak' functions 
for continuous flushing, they should not be reused. 
transducers are used to convert the patient's pressure signal 
electrical signal. Modern blood pressure transducers have 
from a remarkable set of advances in technology. 
technology has produced the transistor, processor 
for digital watches, and personal calculators. The same 
is now used to make pressure transducers. These trans-
are calibrated to within ± 3 per cent accuracy and maintain 
zero set-point. Modern pressure transducers have a sensitivity 
V/mmHg applied per volt of excitation voltage. The transducers 
rugged, accurate over time, temperature stabilized, 
· relatively inexpensive. Since it is impossible to clean and sterilize 
transducers thoroughly, they should not be reused. 
system 
f'ransducer excitation, amplifier, and filter 
The sensing elements of most pressure transducers are four resistive 
dements connected as a Wheatstone bridge. Resistive bridges require 
the application of an excitation voltage (typically 3- 5 V). Modern 
monitors provide very accurate(± 0.1 per cent) excitation voltages 
., the transducers. These monitors also contain amplifiers 
which take the small voltages supplied by the transducer, typically 
JO~V/mmHg, and 'magnifY' them by about 1000 times. In 
1111plifiers, 'magnification' is called 'gain'. With modern amplifiers, 
the gain is very stable and is calibrated with an accuracy to about 
±I percent. Because of the accuracy, reliability, and stabi li ty ofboth 
the transducers and amplifiers, it is no longer necessary to calibrate 
pressure monitors (Cooper and Paulsen 1994; Gardner 1996). Most 
pressure amplifiers include a low- pass filter to filter out unwanted 
high-frequency signals. 
Zero control 
The zero control on a pressure monitor permits the adjustment of the 
OUtput signal from the monitor to be zero when the fluid- air interface 
of a designated 'zeroing stopcock' is placed at the mid-axillary posi-
tion. Once the zeroing process has been completed it is important 
that the vertical relationship between the patient and the pressure 
!rutsducer remains fixed. If there is a vertical movement of the trans-
ducer or of the patient relative to the transducer, the system must be 
~zeroed .' However, the vertical position of the zeroing stopcock is 
Unimportant once it is closed. 
Operational issues 
Zeroing 
~roing the pressure-monitoring system is probably the most impor-
tant step in establishi ng the system. Mistakes in zeroing ca n result in 
SUbstantial errors in pressure measurement, parricularly when 
llleasuring pulmonary artery pressures. The zeroing process im·olves 
111 interaction between the pos ition of the transducer and the stop-
Cock in the plumbing system with the zero control of the monit oring 
IYstem. For each 10 em of misalignment of the zeroing point , there is a 
pressure offset of 10/1.36 = 7.3 mmHg. Such a misalignment may 
cause an error of as much as 100 per cent in measurement of central 
venous pressure. The vertical position of the transducer relative to 
the patient's mid-axillary line can change, particularly if it is 
mounted externally. As a result the monitoring system zero should 
be verified frequently, and always prior to initiation of treatment 
changes based on pressure data. Proper zeroing is done by opening 
the appropriate zeroing stopcock to atmosphere and aligning the 
resulting fluid-air interface point at the patient's mid-axillary line 
(Fig. l). 
Dynamic response testing 
The fluid-filled plumbing system can modifY the pressure signal in 
what is known as a dynamic response distortion (Gardner 1981; 
Gardner and Hollingsworth 1986). Most pressure-monitoring 
systems are underdamped (Gardner 1981). Dynamic distortion is 
caused by modification of the frequency characteristics of the 
applied pressure waveform as it passes through the plumbing 
system. The dynamic response of the plumbing system can be tested 
using a fast-flush test. This is accomplished by first opening the valve 
of the continuous-flush device and then quickly closing it. For under-
damped systems, the rapid closure produces a square wave from 
which the natural frequency and damping coefficient of the plumbing 
system can be determined . The natural frequency is determined by 
measuring the period of a full cycle of oscillation and taking the reci-
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Fig. 2 Dynamic response testing methodology for the pressure·monitoring 
system . See tex t for an explanation of how to determine the adequacy of the 
dynamic response. (Adapted from Gardner ( 1981 ).) 
. .. 
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Table 1 Relation between arterial pressure waveform and heart 
cond1tion 
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recorder) is 25 mm/s and one full cycle of oscillation takes 2 mm, the 
natural frequency is 
25 mm/s 
2 I I = 12.5 cycles/s = 12.5 Hz. mm cyce 
The determination of damping coefficient requires the measure-
ment of the ratio of the amplitude of two succeeding cycles of the 
resulting oscillating signal following a fast-flush test. The amplitude 
ratio is then plotted on the non-linear amplitude ratio scale on the 
far right-hand side of Fig. 2. The damping coefficient[, is then de-
termined from the linear damping coefficient scale shown in Fig. 2. 
Several factors lead to an inadequate dynamic response, including 
air bubbles in the plumbing system and pressure tubing that is too 
long or too elastic (Gardner 1981). The best way to enhance the 
dynamic response of the plumbing system is to maximize the natural 
frequency. It is clear from Fig. 2 that the higher the natural frequency, 
the greater the range of damping coefficient can be while still reliably 
reproducing the pressure waveform. Figure 2 also shows that inade-
quate dynamic response causes t:wo general types of error. If a system 
is underdamped, the systolic pressure will tend to be overstated and 
the diastolic pressure understated. However, if the system is over-
damped, the systolic pressure will be understated and diastolic 
pressure overstated. The pulmonary artery catheter is·subjected to 
'whip' as it moves in the right ventricle, and this artifact tends to 
cause major overshoot during the systolic phase of the pressure wave-
form. 
Many clinicians use the shape of the pressure waveform to estimate 
qualitative information about the heart (Table I). Since dynamic 
waveform distortions caused by the plumbing system can mimic 
many of these conditions, having an adequate dynamic response is 
essential. 
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16.1.4 Central venous 
. catheterization 
J. L. Peters and R. Moore 
:. : ~i • I' : 
_J{,ey lri]:_~ssages 
... · •, ~~ .. x·~~b~nation of inexperience ~th ~echnique 
· ' . :;; ~d.equa'te kno~ledge of the anatomy of the great 
• 
• 
•,:_.important factors in the etiology of 
· ·c~mplications. 
It is. imperative that clinical staff receive the 
supervision until the various techniques ofpe1rcutan"' 
or open surgical procedures have been mastered. 
The need for a rigorous attention to antisepsis and 
technique must be appreciated at ;tll times. 
Introduction 
During the past 40 years there has been an enormous increase in 
use of central venous catheterization and cannulation devices for 
management of critically ill patients. The introduction of 
techniques has allowed the optimal adjustment of r•'rrn l••~..; 
variables by direct hemodynamic measurement and volume 
ment, infusion of a wide variety of pharmacologically active 
which cannot be satisfactorily infused via peripheral veins, and 
provision of intravenous nutrition for prolonged periods of time. 
with all procedures in surgery and medicine, drawbacks and 
cations have been recorded . Many of these have been iatrogenic 
ongm. 
Indications 
A steady expansion in the use of central venous catheters and 
procedures has occurred during the past decade and the ind· 
are summarized in Table I. It is essential to ensure the most 
priate technique, device, and route of insertion is chosen. 
Manometry and monitoring 
The central venous pressure (CVP) provides an indication of the 
of distension of the venous collection system and the relative 
tiveness of the pumping action of the heart in emptying the 
Underfilling or overdistension can be recognized by CVP 
ments before overt clin ical signs have developed . Accordingly, 
monitoring has been established as an important index to record, 
both diagnostic purposes and for assessing the therapeutic effect • 
volume replacement in critical circulatory problems. The CVP d • 
directly proportional to the venous return and inversely proport 
to the myocardial competence or contractility. The venous return 
regulated by the blood volume and the capacitance of the 
system and the CVP provides a measure of the effective .. ·;,r ,.raru>a 
blood volume relative to the ability of the heart to handle thai 
It is important to remember, however, that the CVP is not a 
function of blood volume. Isolated CVP readin gs, unless parricu 
